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STABLE AQUEOUS SOLUTIONS OF GRANULOCYTE MACROPHAGE 
COLONY-STIMULATING FACTOR 

FIELD OF THE INVENTION 

The invention provides stabilized formulations of GM-CSF. 

BACKGROUND 

Granulocyte macrophage colony-stimulating factor (GM-CSF) is a hematopoietic 
growth factor (cytokine) that stimulates the proliferation and differentiation of various 
hematopoietic progenitor cells in the myeloid lineage and also activates or enhances many of 
the functional activities of mature neutrophils, monocytes, dendritic cells and macrophages. 
GM-CSF is a naturally occurring glycoprotein produced, for example, by T cells, 
macrophages, fibroblasts and endothelial cells. 

Because it affects both the supply and function of neutrophils, monocytes and 
dendritic cells, this cytokine plays a vital role in the body's ability to mount an immune 
response. GM-CSF also actes with other cytokines to promote the proliferation and 
differentiation of megakaryocyte and erythroid progenitors. GM-CSF activates or enhances 
many functional activities including chemotaxis, phagocytosis and antibody dependent 
cytotoxicity of mature neutrophils, monocytes, dendritic cells and macrophages. 

The cDNA encoding human GM-CSF has been cloned and the recombinant protein 
has been produced in various expression systems including yeast, bacteria (molgramostim) 
and Chinese hamster ovary cells (regramostim). LEUKINE® (Immunex Corporation, Seattle, 
Washington, U.S.A.) IS a variant form of GM-CSF produced in Saccharomyces cerevisiae. 
This variant form of GM-CSF is genetically termed "sargramostim." 

Common uses of LEUKINE® include treating recipients of autologous bone marrow 
transplant (non-Hodgkin's lymphoma; treating acute lymphoblastic leukemia; Hodgkin's 
disease); use in patients with engraftment delay or graft failure after allogeneic or autologous 
bone marrow transplant; treating recipients of allogeneic bone marrow transplant from an 
HLA-matched donor; and mobilizing peripheral blood progenitor cells in non-Hodgkin's 
lymphoma, Hodgkins' disease and breast cancer patients. 

Stable solutions of LEUKINE® or other forms of biologically active GM-CSF are 
highly desired for a variety of uses. 
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SUMMARY OF THE INVENTION 

Provided herein are methods for long-term stabilization of GM-CSF stored in aqueous 
solution. Stabilization is accomplished by adding a chelating agent that is capable of forming 
complexes with divalent cations. 

5 DETAILED DESCRIPTION OF THE INVENTION 

When long-term stability studies were conducted on GM-CSF that was stored in 
ready-to-inject syringes, it was surprisingly observed that after long periods of time the 
protein became partially degraded at its amino terminus (see Example 1). In vitro tests using 
a GM-CSF sensitive cell line indicated that the partially degraded preparations retained a 
10 high level of bioactivity (see Example 1). Even so, N-terminally degraded forms of GM-CSF 
may possess undesirable alterations in their in vivo pharmocologic properties. For example, 
ul it is possible that each degradation product would be metabolized somewhat differently in the 
[2 patient's body. For example, the half-life in vivo of N-terminally degraded forms might 
□ differ from that of the full-length protein. In a therapeutic regimen, the dose and frequency of 
Ijfe administration generally are adujsted to ensure that a therapeutically effective level of drug is 
; H maintained in the patient's body throughout the course of treatment. However, if degraded 
9 forms are present, it is possible that the needed level of drug will not be achieved and the 
3 effectiveness of the therapy could thereby be reduced. Moreover, it is theoretically possible 
T;j that degraded forms of the protein could induce antibodies against GM-CSF. Accordingly, it 
20* is advantageous to have formulations of GM-CSF in which N-terminal degradation does not 
occur. To address this goal, studies were conducted to devise a means for stabilizing 
pharmaceutical preparations of GM-CSF. 

This invention provides stable formulations of GM-CSF that are highly resistant to N- 
terminal degradation upon storage at 2-8°C. It is demonstrated herein that the addition of a 
25 chelating agent to a solution of GM-CSF prevents N-terminal degradation of the GM-CSF for 
periods up to 2 years. The formulations of the present invention are useful for all medical or 
research purposes involving GM-CSF. 

If the stabilized formulations are for therapeutic administration to humans or other 
mammals, the chelating agent used to stabilize GM-CSF must be physiologically acceptable, 
- 30 that is, it must be safe for use in humans at the concentrations required for accomplishing 
stabilization. The chelating agent must be capable of forming complexes with divalent or 
trivalent cations, including ionic forms of calcium, manganese, magnesium, iron, zinc, lead, 
mercury, aluminum, cadmium, copper and so on. Particularly preferred are chelating agents 
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that are capable of chelating divalent cations. A preferred agent that chelates divalent cations 
is ethylenediaminetetraacetic acid, also called "EDTA" or "edetate." EDTA is used 
medically, for example, as a therapeutic agent to treat patients with lead poisioning. Another 
suitable chelating agent is dexrazoxane, which is a derivative of EDTA that readily penetrates 

5 cell membranes, and is used as a cardioprotective agent against side effects of anthracycline- 
induced cardiomyopathy. Additional chelating agents suitable for use in the subject 
formulations include dimercaprol (BAL) or BAL-glycoside derivatives, deferoxamine 
mesylate, deferiprone and penicillamine (dimethylcysteine). Alternatively, EGTA or citrate 
may be used as chelators for divalent cations in accord with the invention. 
10 Suitable concentrations of chelating agent for the present formulations range from 

0.05 to 50 mM. A preferred range is 0.5 to 10 mM, and particularly preferred concentrations 

□ include the range between 0. 1 and 5 mM. In the most preferred embodiment of the invention, 

jig the chelating agent is EDTA, which preferably is added at a concentration of 5 mM. 

;5 Alternatively, a concentration of 0.1 mM EDTA may be used. Any form of EDTA may be 
153 used, for example, the dihydrate form of the disodium salt of EDTA. CaNa 2 EDTA may be 

m used. 

!U The aqueous formulations of the invention may be packaged in vials or in ready-to- 

Ul inject syringes. In one preferred embodiment, the GM-CSF in aqueous solution is contained 
! fi in a standard vial for injection. In one preferred formulation, the vials contain 1 ml of liquid 
20 1 comprising 500 jutg/ml of GM-CSF (such as LEUKINE ), 1.2 mg/ml TRIS-HCL (also called 
"tromethamine"), 40 mg/ml mannitol and 10 mg/ml sucrose at pH7.4. In a preferred 
embodiment, the foregoing formulation also includes 1.1% benzyl alcohol as a preservative, 
though another physiologically acceptable preservative may be substituted if desired for the 
benzyl alcohol. In another preferred embodiment, the GM-CSF is packaged for storage in a 
25 ready-to-inject syringe, which contains a formulation containing GM-CSF (preferably 
LEUKINE®) at 500 Jig/ml, 10 mM TRIS-HCL, 40 mg/ml mannitol and 10 mg/ml sucrose at 
pH 7.4. GM-CSF packaged in syringes may also include 1.1% benzyl alcohol or another 
pharmacologically acceptable preservative. If desired, the concentration of GM-CSF in such 
formulations may be increased to 1000 |xg or even higher concentrations. 
. 30 The chelating agent is added to solutions of GM-CSF at any desired stage of 

preparing the formulations. For example, a concentrated solution of GM-CSF may be mixed 
with appropriate amounts of TRIS-HCL, mannitol, sucrose and chelating agent just prior to 
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packaging in individual vials or syringes, or just prior to lyophilization. Standard methods of 
lyophilization may be used for this purpose. 

GM-CSF used in the practice of the invention includes any pharmaceutically safe and 
effective human GM-CSF, or any derivative thereof having the biological activity of human 
5 GM-CSF. Biological activity may be ascertained, for example, by using the TF-1 cell assay 
described in Example 1 or other suitable bioassays known in the art. Preferably, recombinant 
GM-CSF is used. A suitable GM-CSF for use in the subject formulations is the human 
GM-CSF whose amino acid sequence is provided in SEQ ID NO:l. As used herein, the term 
"recombinant GM-CSF" refers to either to GM-CSF that is synthesized in a cell into which a 
10 nucleic acid encoding exogenous GM-CSF has been introduced, or a cell in which the 
endogenous GM-CSF gene has been stimulated to overproduce GM-CSF by the introduction 
□ of regulatory elements that induce a high rate of transcription of the endogenous GM-CSF 
S gene. 

2 In a preferred embodiment, the GM-CSF used in the subject formulations is 

ill recombinant human GM-CSF (rhu GM-CSF), such as LEUKINE® (Immunex Corporation, 
m Seattle, Washington). LEUKINE® (genetically termed "sargramostim") is a biosynthetic, 
yeast-derived, recombinant human GM-CSF, consisting of a single 127 amino acid 
2 glycoprotein that differs from the endogenous human GM-CSF shown in SEQ ID NO:l by 
m having a leucine instead of an arginine at position 23. LEUKINE is produced in the yeast 
20* Saccharomyces cerevisiae. Other natural and synthetic GM-CSFs, and derivatives thereof 
having the biological activity of natural human GM-CSF, may be equally useful in the 
practice of the invention. 

LEUKINE® Liquid is a sterile injectable aqueous solution generally sold in 1 ml vials 
containing 500 ug/ml (2.8 x 10 6 IU) sargramostim; 40 mg/ml mannitol; 10 mg/ml sucrose; 
25 1.2 mg/ml tromethamine; sterile water; and 1.1 % benzyl alcohol. LEUKINE® Lyohphilized 
is sold also, and typically is packaged in vials containing a sterile lyophilized powder for 
reconstitution with 1 ml sterile water. LEUKINE® Lyophilized may contain 250 Hg or 
500 ug sargramostim (1.4 or 2.8 x 10 6 IU); 40 mg mannitol; 10 mg sucrose; and 1.2 mg 
tromethamine. LEUKINE® Liquid and reconstituted solutions of LEUKINE® Lyophilized 
30 are stored refrigerated at 2-8°C. To stabilize these formulations, a chelating agent is added as 
described above. For example, EDTA (or other suitable chelating agent) is be added to the 
desired ti the liquid form before it is packaged into vials. Solid EDTA or other chelating 
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agent may be added to the lyophilized form in amounts that will provide the desired final 
concentration when the powder is hydrated for injection. 

GM-CSF, such as LEUKINE® or molgramostim, also can be formulated into 
hydrogels for topical application, such as the hydrogels described in U.S Patent 
No. 6,120,807. Polymers used to formulate suitable hydrogels include polysaccharides, 
polyacrylic acids, polyphosphazenes, polyethylene glycol-PLGA copolymers and other 
synthetic biodegradable polymers. To stabilize GM-CSF dispersed within such a hydrogel, a 
chelating agent such as EDTA is added at a concentration of 0.05 to 50 mM and most 
preferably at a concentration of 0.1 to 5 mM. In preferred embodiments, a concentration of 
0.1 or 5 mM is used. 

In one preferred embodiment of the subject invention, sargramostim is formulated as 
described above for LEUKINE® Liquid except that EDTA is added to a concentration of 5 
mM. In another preferred embodiment, sargramostim is formulated as described above for 
LEUKINE® Lyophilized, except that 5 mM EDTA is added to the solution prior to 
lyophilization. Alternatively, dry EDTA powder in appropriate amounts may be mixed with 
the lyophilized LEUKINE® before it is packaged. 

The stable formulations of GM-CSF of the subject invention includes aqueous 
solutions that can be administered by any desired means. In preferred embodiments, the 
stabilized formulations of GM-CAF are administered by injection. Injection may be 
subcutaneous, intramuscular or by intravenous infusion. 

Formulations of GM-CSF containing EDTA also may be administered by inhalation 
of an aerosol spray. The formulation may be packaged initially into an aerosol delivery 
device, or may be transferred into a container compatible with this form of delivery. This 
method can be used to dispense formulations packaged originally in liquid form as well as 
those packages as a lyohphilized powder that requires reconstitution prior to being 
administered. Aerosol delivery is especially effective for delivering sargramostim to the 
nasal passages or lungs, but may be used also for systemic administration of the stabilized 
GM-CSF. In a preferred embodiment, the GM-CSF administered by aerosol spray is 
sargramostim. 

LEUKINE® has been shown to exhibit the same hematopoietic effects as those 
induced by endogenous GM-CSF, namely, the stimulation of progenitor cells committed 
along the granulocyte-macrophage pathway to form neutrophils, monocytes, macrophages, 
and eosinophils (Technical Product Report: LEUKINE® Liquid, Immunex Corp., Seattle, 
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WA, 1997, which is herein incorporated by reference). LEUKINE", like endogenous GM- 
CSF, also promotes the differentiation of progenitor cells giving rise to erythrocytes and 
megakaryocytes {Ibid.) In addition to stimulating hematopoiesis, LEUKINE® enhances many 
of the functional activities of mature neutrophils, monocytes and macrophages, such as 
5 chemotaxis, growth factor secretion, anti-tumor activity, antibacterial and antifungal 
activities, and so on {Ibid.). 

As the degree of glycosylation of biosynthetic GM-CSFs appears to influence half- 
life, distribution, and elimination, the most effective dose of GM-CSF for the subject methods 
may vary depending on the source used (Lieschke and Burgess, N. Engl J. Med. 327:28-35, 
10 1992; Dorr, R.T., Clin. Ther. 15:19-29, 1993; Horgaard etal., Eur. J.Hematol. 50:32-36, 
1993). The most efffective dose and frequency of administration may be adjusted as needed 
^ by the patient's physician in accord with medical practice, and will depend on the patient's 
B age, weight and the condition being treated. Effective doses of GM-CSF may range from 
B about 50 to 250 \JLg per dose. In one preferred embodiment, the dose is equal or about 
l|| 100 fig. In other embodiments, the dose used is between 100 and 125 |xg. In another 
J embodiment, a flat dose ranging from 125 to 250 \xg is administered. Particularly preferred 
^ flat doses are 100 ^g, 150 [ig , 200 |Lig and 250 jutg of GM-CSF. If desired, dose may be 
W calculated as a function of body surface area, such as, for example, 125 \ig/m 2 . A preferred 
[Pj dose that may be used is 250 |Lig/m 2 . 
2<F? The improved GM-CSF formulations described herein are useful for treating any 

medical condition for which the administration of GM-CSF is effective in bringing about a 
measurable improvement in at least one indicator that is commonly used to assess the severity 
of that condition. For example, the stabilized formulations of the invention can be substituted 
in any therapeutic regimen that utilizes LEUKINE® (sargramostim), LEUCOMAX® 
25 (molgramostim), regramostim or pegylated GM-CSF. Diseases that can be treated with the 
stabilized GM-CSF formulations described herein include HIV infection or other viral 
infections, bacterial infections, cancer, slow-healing wounds or ulcers (such as decubitus 
ulcers or diabetic ulcers), inflammatory bowel disease, including Crohn's disease, and 
alveolar proteinosis. Cancers that can be treated with the subject formulations include but are 
30 not limited to melanoma, breast cancer, brain tumors, leukemias, lymphomas, carcinoma and 
adenocarcinoma. In addition, the formulations of the invention can be used as a vaccine 
adjuvant that can be administered, for example, in conjunction with a vaccine against an 
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infectious disease, or in conjunction with a tumor vaccine, including peptide vaccines against 
melanoma, brain tumors or other cancers. 

The subject stabilized GM-CSF formulations furthermore can be used for decreasing 
the incidence of infection in cancer patients who are receiving myelosuppressive 
5 chemotherapy; for promoting myeloid cell recovery in patients who have received 
myeloablative chemotherapy followed by autologous or allogeneic bone marrow transplant as 
treatment for cancers such as non-Hodgkin's lymphoma, acute lymphoblastic leukemia, 
Hodgkin's disease or other cancers; for promoting mobilization of peripheral blood 
progenitor cells for collection by leukapheresis prior to transplantation; for reducing the 
10 duration of neutropenia and neutropenia-related clinical sequelae in cancer patients who have 
received allogeneic or autologous bone marrow transplant; and for reducing the time required 
m for neutrophil recovery in cancer patients, such as acute myelogenous leukemia patients, 
2 following chemotherapy. The stabilized formulations described herein can be used also for 
Q stimulating the extracorporeal expansion of cultured hematopoietic stem cells. 
l|| The following examples illustrate useful aspects of the invention. 

J EXAMPLE 1 

;= n; N-terminal Degradation of Stored GM-CSF 

W Changes in the reversed-phase HPLC profile of GM-CSF were noted following about 

S. six months of storage of LEUKINE® in CARPUJECT® ready-to-inject syringes (AMTEST 
2b? Laboratories, Redmond, WA) that had been loaded with 1 ml of LEUKINE® Liquid. 
Reversed-phase HPLC for these analyses was performed using a Vydac Protein and Peptide 
* C18(#218TP54) column, 5 urn, 4.6 x 250 mm. Buffer A for the reversed-phase 
chromotography was water/TFA 0.1%; buffer B was acetonitrile/TFA 0.1%; and buffer C 
was 1M NaCl/water/TFA 0.1%. The gradient used to develop the column was: 1% B/min 
25 for 25-65%, B at a constant 20% and C for 40 minutes at 1 ml/min. Injection volume was 
50 The elution profile for the stored LEUKINE® showed a descending shoulder on the 

major peak of this profile. 

Mass spectrometry identified this shoulder as GM-CSF that had been clipped to 
varying degrees at the N-tenninus. Mass spectrometry (Sciex API 350) was performed by 
30 developing samples on CI 8 reversed-phase columns as described above except that sodium 
chloride was omitted from the buffers. Eluate from the C 18 column was electrosprayed into 
the mass spectrometer. For analyzing mass spectra, mass/charge (m/z) spectra were taken off 
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the entire eluted GM-CSF peak and deconvoluted to masses by using BioMultiView 
software. 

LEUKINE® in its unmodified formulation is heterogeneous at its amino terminus, 
typically comprising 65% full length protein, and 35% of a slightly smaller form beginning at 
Ala3. Mass spectra results for the syringe-stored products indicated the presence of the 
mature Alal species as well as additional species clipped to Ala3, Arg4, Ser5, Ser7, Ser9 and 
ThrlO. In products stored at 2-8°C, the proportion of the full-length protein (Alal) remained 
unchanged, indicating that the only species susceptible to storage-induced degradation at this 
temperature is the Ala3 species. However, at 30°C, even the Alal species became degraded. 
It should be noted that these mass spectra analyses were focused on only the non- 
glycosylated species, though later work showed that the glycosylated forms are also clipped. 
The limit of quantitation in determining the percentage of full length and clipped species by 
this method (LOQ) is estimated to be about 5%. 

Further characterizations suggested that this clipping was due to a metal ion catalyzed 
process. Supporting this conclusion were the following observations. First, degradation was 
isolated to the N-terminus. Second, the reverse-phase shoulder could be simulated by the 
addition of an exogenous a-aminopeptidase. For this simulation, 5 units of 
a-aminopeptidase (Sigma A8299) were added to LEUKINE® Liquid, and this was incubated 
for three days at 37°C. Formulations with added a-aminopeptidase upon mass spectrometry 
were found to contain the following N-termini: Ser5, Glnll and pGlnll (the stable 
cyclization product of Glnll). When the incubation was extended to as long as seven days, 
degradation did not proceed beyond Glnll. Further degradation may have been arrested by 
the cyclization of Glnll. Third, we were able to arrest the observed N-terminal degradation 
of GM-CSF by adding mM EDTA to the formulations. 

The cation that catalyzes this amino-terminal degradation has not been definitively 
identified. In an effort to identify this cation, metal ions were exhaustively extracted from 
rubber stoppers taken from CARPUJECT® syringes by using soxhelet extraction. The most 
abundant divalent cation that was extracted was zinc, thus suggesting that this might be the 
catalytic cation. Experiments were conducted in which Zn 2+ was added to formulations of 
LEUKINE® in an effort to accelerate the N-terminal degradation, but the added zinc had no 
significant effect as compared with a control sample. However, these samples were stored 
for only about a month prior to analysis, so the results were not considered to be conclusive. 
According to information provided by the manufacturer of CARPUJECT® syringes, many 
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different metal ions are present in small amounts in the rubber stoppers, including calcium, 
copper, iron, lead, chromium, magnesium, manganese, molybdenum and others. 

Bioassays were performed using the cell line TF-1, which is sensitive to human 
GM-CSF and proliferates more rapidly when this cytokine is added to the culture medium 
5 (see, for example, Kitamura et aL, 7 Cell Physiol 140:323-334 (1989)). Bioactivity is assayed 
by adding known quantities of GM-CSF (1 ng/ml) to the cells in the presence of H 3 - 
thymidine. Cell proliferation in response to the GM-CSF is quantified by measuring the 
amount of tritiated thymidine incorporated into DNA by the cells. Results of bioassays on 
the clipped forms of sargramostim indicated that when it was clipped to intermediate 
10 positions (combinations of Arg4, Ser5, Ser7, Ser9 and ThrlO) as well when it was clipped 
completely to Glnll, no significant change in biological activity was observed. 

O EXAMPLE 2 

W Long-term Stability Testing 

Q To test the long-term effects of storage in the presence of EDTA, a total of seven lots 

l^f of LEUKINE® were set up in CARPUJECT® syringes with and without the addition of 5 mM 
^ EDTA. The syringes were stored at either 2-8°C (normal storage temperature) or 30°C (to 
i;3 induce accelerated degradation). Each syringe contained 1 ml of liquid containing 500 |Lig of 
IS LEUKINE® and 10 mM TRIS-HCL (1.2 mg/ml), 40 mg/ml mannitol, and 10 mg/ml sucrose 
■£j at pH 7.4. After incubation for varying lengths of time, stored samples were analyzed for N- 
2GM* terminal degradation. 

At six months, samples were analyzed by SDS-PAGE, reversed-phase HPLC, TF-1 
bioassay, reduced and non-reduced tryptic peptide mapping and mass spectrometry (Sciex 
API 350). For SDS-PAGE, sample loads were 1 ]U,g/lane in 2X phosphate non-reducing 
sample buffer on Novex 16% TRIS-glycine gels. Gels were run at 30 mA in TRIS-glycine 
25 SDS running buffer and stained using Novex silver Xpress staining kit. For reversed-phase 
HPLC, we used a Vydac Protein and Peptide C18(#218TP54) column, 5 jam, 4.6 x 250 mm. 
Buffer A was: Water/TFA 0.1%, and buffer B was: acetonitrile/TFA 0.1%, buffer C: 1M 
NaCl/water/TFA 0.1%. The gradient was: 1% B/min for 25-65%, B at a constant 20%, and C 
for 40 minutes at 1 mL/min. Injection volume was 50 jal. The TF-1 assays were performed 
30 as described for Example 1. For mass spectrometry, samples were developed on CI 8 
reversed-phase columns developed as above but without sodium chloride, then electrosprayed 
into the mass spectrometer. Mass spectra results were used to provide semi-quantitative data 
on the degree of N-terminal degradation, though this method was not validated. The limit of 



9 



3253 



quantitation in determining the percentage of full length and clipped species by this method is 
estimated to be about 5%. Reduced tryptic peptide mapping identifies C-terminal peptides 
that are disulfide linked. The peptide mapping was done by reversed phase-analysis on C18 
of trypsinized protein. 

Results of the six month analyses demonstrated a clear N-terminal degradation when 
LEUKINE® was stored in syringes at either 2-8 °C or 30 °C for six months in the absence of 
EDTA. The extent of degradation varied considerably from lot to lot. For samples incubated 
at 2-8 °C in the presence of either 0.1 or 5 mM EDTA, N-terminal degradation was 
eliminated. For samples incubated at 30 °C in the presence of either 0.1 or 5 mM EDTA, N- 
terminal degradation was significantly reduced. It was also noted that for a single lot of 
LEUKINE®, samples incubated at 30 °C in the presence of high concentration EDTA (5 mM) 
demonstrated an unexplained mass loss of approximately 17 Da, but the did not occur in any 
of the other six lots that were tested. 

At 12 months, samples from seven lots stored with or without EDTA at 2-8°C or with 
or without 5 mM EDTA at 30°C were analyzed. This batch of samples also included one lot 
that had been formulated with 0.1 mM EDTA. These samples were analyzed by SDS-PAGE 
(4-20% Novex gels using non-reducing sample buffer and run at 34 mA), reversed-phase 
HPLC run as for the six month samples, TF-1 bioassay (see below) and mass spectrometry. 
The results indicated that compared with the six month results, N-terminal degradation had 
continued at both temperatures in samples stored for 12 months without EDTA. 
Formulations containing EDTA at either concentration (0.1 or 5 mM) were protected from 
degradation when stored at 2-8°C. N-terminal degradation did occur in 12 month samples 
stored at 30°C with or without added EDTA. 

One of the test lots was analyzed at 1, 3, 6 and 12 months. In this particular lot, 
samples stored at 2-8°C without EDTA exhibited a time-dependent course of degradation, 
and the Ala3 species was entirely gone by 12 months. In one of the seven lots tested, no loss 
of the Ala3 species was observed in the absence of EDTA, though the reason for this is not 
known. In brief, six of the seven tested lots did exhibit N-terminal degradation when stored 
in syringes at 2-8°C in the absence of EDTA. 

For the 24 month time point, four lots stored with or without EDTA at 2-8°C and four 
lots stored with EDTA at 30°C were analyzed. These samples were analyzed by SDS-PAGE, 
RP-HPLC, SEC, TF-1 bioassay, and mass spectrometry as described above in Example 1 or 
for the six month samples. For the samples stored for 24 months at 2-8°C, complete N- 
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terminal degradation of the Ala3 species was observed in the absence of EDTA. Samples 
stored at 2-8°C in the presence of 5 mM EDTA did not exhibit this degradation. Degradation 
of the full-length (Alal) species was seen when the samples were stored at 30°C with EDTA. 
It is concluded that LEUKINE® formulations containing 5 mM EDTA can remain stable for 2 
years when stored at 2-8°C. 

EXAMPLE 3 

Effect of EDTA Concentration in Stabilizing GM-CSF 

Leukine was stored at 2-8°C or 30°C for 14 months in CARPUJECT® syringes with 0, 
0.1, 1.5,5, 10, or 50 mM EDTA. 

After six weeks, some of the samples were analyzed by non-reduced SDS-PAGE, 
reversed-phase HPLC, mass spectrometryand reduced and non-reduced peptide mapping as 
described in the previous examples. After 14 months, the remaining samples were analyzed 
by SDS-PAGE, size-exclusion chromatography (SEC) on BIORAD® Biosil columns, 
reversed-phase HPLC using a Vydac Protein and Peptide CI 8 column, TF-1 bioassay, and 
mass spectrometry as described above, except that for size exclusion chromatography (SEC), 
20 \il of each sample was injected into a Biorad Biosil 125 column and eluted isocratically 
using 100 mM sodium phosphate, 150 mM NaCl, pH 6.8 at 1 ml/min as the mobile phase. 
The 14 month analyses included samples stored at 2-8°C with and without EDTA, and stored 
at 30°C without EDTA. 

The results confirmed that EDTA acts to preserve LEUKINE® against N-terminal 
clipping in samples stored at 2-8°C for 14 months. At this time point, samples stored at 30°C 
with 10 mM EDTA was no longer available for analysis, but all the other samples were 
analyzed by all of the above-described methods except for peptide mapping analysis. 
Samples stored at 30°C showed a decrease in the proportion of full-length (Alal) species 
compared to the samples stored at 2-8°C, and the N-terminal degradation was worst in the 
sample stored without EDTA at 30°C. Samples stored at 30°C also showed extensive 
oxidation, evidenced by a large portion of early-eluting material seen by reversed-phase 
HPLC. For samples stored at 2-8°C, concentrations of EDTA as low as 0.1 mM were 
effective at inhibiting the N-terminal degradation of GM-CSF. 

Table 1 below presents estimates based on mass spectrometry after 14 months of 
storage. The numbers in Table 1 indicate the percentage of the total protein analyzed that 
was represented by each of the species listed in the table. Without EDTA, 24% of the GM- 
CSF stored at 2-8°C was shortened to Arg4 or Ser5. In all of the samples stored with EDTA 
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at 2-8°C, regardless of the EDTA concentration, no species smaller than Arg4 were observed, 
and only 5% or less of the Leukine ended in Arg4. The samples stored in the presence of 
EDTA at 2-8°C consisted of 57-71% full-length (Alal) GM-CSF. Since 0.1 mM EDTA was 
as protective as the higher concentrations tested, it is possible that concentrations of EDTA 

5 lower than 0.1 mM would also be effective in preventing the N-terminal degradation. 

In all samples stored at 30°C there was a great amount of N-terminal clipping whether 
or not EDTA was present (see Table 1). For example, in the sample stored without EDTA at 
30°C, 61% of the protein was clipped to Arg4 or further. Clipped species out to Trpl3 were 
found. In contrast, the samples stored at this temperature with EDTA showed only 20-30% 

10 of species clipped to Arg4 or beyond, with no clips beyond ThrlO. The degradation included 
a substantial reduction in the full-length (Alal) species, with only 28-39% of the full length 

□ species remaining after 14 months at 30°C. 

Samples were analyzed in the TF-1 bioassay data to assess bioactivity compared to a 

□ reference sample of GM-CSF. The sample stored without EDTA at 30°C showed 
155 anomalously high activity. Results indicated that there may have been a slight decrease in 

S bioactivity in the samples stored at 30°C in the presence of EDTA, but in any case there was 
* m not a clear trend showing that bioactivity increased in this group of samples with increasing 
£3 amounts of EDTA. All samples stored at 2-8°C with or without EDTA showed bioactivity 
!|J comparable to the reference sample of LEUKINE R . 
2jP The above studies confirmed that EDTA at concentrations ranging from 0.1 to 50 mM 

acts to protect GM-CSF against N-terminal clipping in samples stored at 2-8°C for up to 14 
months. Samples stored at 30°C showed a decrease in the proportion of full-length (Alal) 
species compared to the samples stored at 2-8°C, and the N-terminal degradation was most 
extreme in the sample stored without EDTA at 30°C. Samples stored at 30°C also showed 
25 extensive oxidation, as evidenced by a large portion of early-eluting material seen by 
reversed-phase HPLC. 
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Table 1. Mass Spectrometry Analyses of LEUKINE® stored 14 months at 2-8°C or 30°C 
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1.5 mM 


5 mM 


10 mM 


50 mM 




EDTA 


EDTA 


EDTA 


EDTA 


EDTA 


EDTA 
















% Al 


57 


65 


63 


71 


62 


62 


% A3 


19 


35 


32 


29 


34 


33 


%R4 


15 


0 


5 


0 


4 


5 


%S5 


9 


0 


0 


0 


0 


0 


%S7 


0 


0 


0 


0 


0 


0 


%S9 


0 


0 


0 


0 


0 


0 


%T10 


0 


0 


0 


0 


0 


0 


%P12 


0 


0 


0 


0 


0 


0 




OmM 


0.1 mM 


1.5 mM 


5mM 


10 mM 


50 mM 




EDTA 


EDTA 


EDTA 


EDTA 


EDTA 


EDTA 


30°C 














% Al 


28 


35 


39 


32 


~ 


34 


% A3 


1 1 
11 


4J 


y? 






35 


%R4 


13 


9 


0 


0 




0 


%S5 


11 


7 


6 


8 




11 


%S7 


13 


6 


6 


6 




10 


%S9 


8 


0 


6 


6 




9 


%T10 


8 


0 


4 


5 




0 


%P12 


4 


0 


0 


0 




0 


%W13 


4 


0 


0 


0 




0 



'H - : no sample 



% While the preferred embodiments of the invention have been illustrated and described 

5a) above, it will be appreciated that various changes can be made therein without departing from 
fS the spirit and scope of the invention. 



13 



